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(54) Power amplifying device 

(57) A power amplifying device promptly detects an 
abnormal condition of a load and permits protection of 
an output without causing power loss. A test signal hav- 
ing a predetermined frequency and signal level is sup- 
plied to an amplifier, and the output level is measured. 



The measured level is compared with the output level 
that is projected when the test signal is supplied with an 
appropriate load connected to the amplifier so as to de- 
tect a load condition. If a determination result indicates 
that the load is shortcircuited or released, then the op- 
eration of the amplifier is promptly interrupted. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a power am- 
plifying device. 

2. Description of the Related Art 

[0002] An amplifier used for amplifying electrical pow- 
er supplies a high electrical power to a load at a relatively 
low output impedance. Hence, it is necessary to ensure 
that the impedance of the load to which the amplifier is 
connected is with in a specified range. If the load is short- 
circuited, the impedance of the load is reduced to zero, 
and a large current flows into a power amplifying ele- 
ment during an amplifier output stage, leading to a fail- 
ure of the power amplifying element used in the amplifier 
output stage. For this reason, when an amplifier is used 
to amplify electrical power, there is a required to always 
check the condition of the load connected to the ampli- 
fier and to immediately interrupt the amplifying opera- 
tion of the amplifier to protect an amplifier output stage 
circuit, if the impedance value of the load deviates frog 
a predetermined range. 

[0003] A conventional amplifier for amplifying electric 
power detects a load condition as. described below. 
First, a detection resistor having a small resistance val- 
ue is connected in series with the load to measure a volt- 
age drop observed on the detection resistor due to load 
current. Thus, changes in the load current are detected 
so as to detect load conditions from the changes. 
[0004] In other words, the load conditions cannot be 
detected unless the load current passes through the de- 
tection resistor. More specifically, an abnormal load con- 
dition cannot be detected unless an amplifying opera- 
tion is actually performed under an abnormal load con- 
dition. Furthermore, since the detection resistor is con- 
nected in series with a load, a power loss inevitably re- 
sults by the load current passing through the detection 
resistor. In addition, a large resistance element must be 
used as the detection resistor because of a heat gener- 
ation problem caused by such power loss. This adverse- 
ly affects efforts to provide smaller amplifiers. 
[0005] Recently, in response to the demands for re- 
duced sizes and higher efficiency of amplifiers, amplifi- 
ers using the "class D amplifying method" are becoming 
more popular. 

[0006] According to the class D amplifying method, a 
input analog signal is first subjected to processing for 
modulation, such as pulse width modulation (PWM) or 
thepulse density modulation (PDM). Then, a signal that 
has been converted into a digital signal by the modula- 
tion is amplified. Thereafter, the amplified signal is 
passed through a low-pass filter to convert it back into 
an analog signal. A class D amplifier is able to amplify 



an analog signal simply by amplifying a digital signal 
(signal ON/OFF processing). Theoretically, therefore, 
100% power efficiency can be obtained. This makes it 
possible to reduce the size of the amplifier by taking full 

5 advantage of the high efficiency.' 

[0007] Thus, the power loss attributable to the detec- 
tion resistor mentioned above and the need for using 
large components because of the heat generation prob- 
lem conflict with the advantages obtained by class D 

10 amplifiers. There is also a problem with the conventional 
method for detecting a load condition since an abnormal 
load current cannot be detected unless the load actually 
develops an anomaly. 

[0008] A class D amplifier has a low-pass filter in its 
15 output section. When the amplifier is not under a load, 
a signal current will only pass the low-pass filter of the 
output section. In general, a filter of the output section 
is constituted by an LC low-pass filter, and therefore has 
a predetermined resonance frequency. For this reason, 
20 if a signal input to the class D amplifier includes such a 
resonance frequency, a resonance phenomenon occurs 
when the amplifier is not under a load. This causes a 
significant drop in the impedance of the output section 
of the class D amplifier, allowing a large current to flow, 
25 which may possibly lead to a failure of the class D am- 
plifier. There has been a problem with the conventional 
method for detecting a load condition by using a detec- 
tion resistor in that it is difficult to detect a no-load con- 
dition of the amplifier. 

30 

OBJECTS AND SUMMARY OF THE INVENTION 

[0009] Accordingly, the present invention was devel- 
oped with a view toward solving the problems described 

35 above. It is an object of the present invention to provide 
a power amplifying device that permits an abnormal load 
condition to be quickly detected so as to protect an am- 
plifier output, and minimize power loss. 
[0010] To this end, according to one aspect of the 

40 present invention, there is provided a power amplifying 
device which includes a power amplifying circuit and to 
which a load having a predetermined impedance is con- 
nected, including a test signal generating part that gen- 
erates a test signal having a predetermined frequency, 

45 a signal level measuring part that measures a signal lev- 
el of the test signal that has passed through a filtering 
circuit provided in an output part of the electric power 
amplifying device, a signal level comparing part that 
compares a measurement result supplied by the signal 

50 level measuring part with a predetermined reference 
signal level, and a control part that detects a condition 
of the load connected to the power amplifying device on 
the basis of a comparison result supplied by the signal 
level comparing part, and provides protective measures 

55 for the power amplifying device according to a result of 
the detection. 
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BRIEF EXPLANATION OP THE DRAWINGS 
[0011] 

Fig. 1 is a block diagram showing a configuration of 
a class D amplifier provided with a protective func- 
tion that is an embodiment of the present invention; 
Fig. 2 is an explanatory diagram showing changes 
in the frequency characteristic observed when the 
value of the load impedance is changed in the de- 
vice shown in Fig. 1; 

Fig. 3 is a flowchart showing the processing for de- 
tecting a load condition and the processing for pro- 
tecting an amplifier in the device shown in Fig. 1 ; 
Fig. 4 is a block diagram showing the configuration 
of a class D amplifier equipped with a protective 
function in accordance with a second embodiment 
of the present invention; 

Fig. 5 is a block diagram showing the configuration 
of a class D amplifier equipped with a protective 
function in accordance with a third embodiment of 
the present invention; and 
Fig. 6 is a block diagram showing the configuration 
of a class D amplifier equipped with a protective 
function in accordance with a fourth embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] Fig. 1 is a block diagram showing the configu- 
ration of a class D amplifier in accordance with the 
present invention. Normally, a speaker 16 is connected 
to the class D amplifier as a load. 
[0013] Referring to Fig. 1, a signal switching circuit 11 
comprises an analog switch using, for example, an FET, 
a transistor, or a mercury relay. The signal switching cir- 
cuit 11 switches between an input signal and a test sig- 
nal in response to an input switching signal received 
from a control circuit 20, and connects the selected sig- 
nal to an input section of a class D amplifier IC 14, com- 
prising a power amplifier circuit. The input signal is re- 
ceived from audio equipment, such as a tuner or a CD 
player, through a signal input terminal 1 0. The test signal 
is supplied from a test signal generating circuit 12. 
[0014] The test signal generating circuit 12 is an os- 
cillating circuit that generates test signals used to detect 
load conditions of the class D amplifier. The circuit com- 
prises a PLL synthesizer having, for example, a quartz 
resonator or a ceramic resonator as an oscillating 
source, and is capable of generating arbitrary frequen- 
cies. The frequencies to be generated may be controlled 
by control signals supplied from the control circuit 20. 
[0015] The class D amplifier IC 14 primarily includes 
a comparator circuit 141, a triangular wave oscillation 
circuit 142, an output-stage driver circuit 143, and an 
output-stage circuit 144. 

[0016] The comparator circuit 141 compares a signal 



received through the intermediary of the signal switch- 
ing circuit 1 1 with a triangle wave from the triangle wave 
oscillation circuit 142, converts the magnitude relation- 
ship between the two signals into a binary signal, and 
5 outputs the binary signal. Thus, the amplitude informa- 
tion regarding input signals is converted into a change 
in the pulse width of a binary signal. In other words, such 
processing generates a signal by subjecting input sig- 
nals to PWM modulation. 

10 [0017] The output-stage driver circuit 143 converts 
the PWM signal into two signals having phases that are 
inverted from each other. These two signals are used to 
drive the gate of the output-stage circuit 144. The out- 
put-stage circuit 144 comprises a power switching cir- 

'5 cuit formed by, for example, a MOS-FET. 

[0018] A low-pass filter 1 5 suppresses harmonic com- 
ponents contained in an output signal of the class D am- 
plifier IC 14 to extract and reproduce a frequency com- 
ponent and an amplitude component of the input signal. 

20 As mentioned above, such a filter is generally includes 
an LC filter having a small power loss. 
[0019] The speaker 16 converts electrical signals 
from the low-pass filter 1 5 into acoustic signals and out- 
puts the acoustic signals. 

25 [0020] A test signal measuring circuit 17 comprises, 
for example, a buffer amplifier having a high input im- 
pedance and an A/D converter. The test signal measur- 
ing circuit 1 7 extracts an output signal from the low-pass 
filter 1 5 without influencing output of the filter, and meas- 

30 ures the signal level of the output signal. 

[0021 ] A reference signal level setting circuit 1 8 stores 
a predetermined reference signal level. A signal level 
comparator circuit 1 9 compares a signal level measured 
value from the test signal measuring circuit 17 with a 

35 reference signal level of the reference signal level set- 
ting circuit 18. The signal level comparator circuit 19 
supplies a result of the comparison to the control circuit 
20. 

[0022] The control circuit 20 is primarily a microcom- 
40 puter (hereinafter referred to as "the fiCPLT) that con- 
trols the operation of the entire class D amplifier circuit 
shown in Fig. 1 . The control circuit 20 includes memory 
devices, such as a read only memory (ROM) and a ran- 
dom access memory (RAM). The ROM stores a main 
45 program and various types of subroutine programs for 
the operation of the circuit. The U.CPU executes the pro- 
grams in synchronization with built-in clocks. The RAM 
temporarily saves diverse types of processing results 
during the operation of the circuit and a variety of types 
50 of flag registers providing guidelines for making deci- 
sions in processing. 

[0023] An alarm display circuit 21 notifies a user of an 
anomaly of a load connected to the low-pass filter 15. 
Such anomaly may be a short circuit, release, etc. of the 
55 load. The alarm display circuit 21 may comprise, for ex- 
ample, an LED or a liquid crystal display device and a 
driving circuit therefor. 

[0024] An operation input circuit 22 operates the class 
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D amplifier shown in Fig. 1. The operation input circuit 
22 has a console panel including a ten-digit keypad and 
various function keys, and a circuit for interfacing with 
the control circuit 20. When a user wishes to detect the 
condition of a load connected to the class D amplifier, 
the user enters predetermined commands to the circuit 
to carry out the processing for the detection. 
[0025] Generally, the frequency characteristic of an 
LC low-pass filter, in the region of a cutoff frequency fc 
is disturbed unless the input/output impedances are 
matched. The frequency characteristic, therefore, will 
be as shown in Fig. 2 when the impedance of the load 
connected to the low-pass filter 15 changes. 
[0026] As is obvious from Fig. 2, in the region of the 
cutoff frequency fc of the filter, as the impedance of the 
load increases over a design value, that is, as the load 
approaches a released condition, the gain in the fre- 
quency characteristic increases. Conversely, as the im- 
pedance of the load decreases, that is, as the load ap- 
proaches a short-circuited condition, the gain in the fre- 
quency characteristic decreases. In this embodiment, 
the class D amplifier is protected by making use of the 
changes in the frequency characteristic caused by the 
variations in the load impedance. 
[0027] The function for detecting load conditions and 
the function for protecting the amplifier in the circuit of 
Fig. 1 will now be described with reference to the 
processing flowchart shown in Fig. 3. 
[0028] The processing illustrated by the flowchart of 
Fig. 3 may be arranged so that it is started at an "initial 
setting operation" time at which the power of the class 
D amplifier shown in Fig. 1 is turned ON. Alternatively, 
the processing may be arranged so that it is manually 
started by a user at any time through the operation input 
circuit 22. 

[0029] When the processing shown in Fig. 3 is started, 
the control circuit 20 first supplies an input switching sig- 
nal to the signal switching circuit 11 to switch the input 
of the class D amplifier IC 1 4 to the test signal generating 
circuit 1 2 (step 1 0). Then, the control circuit 20 supplies 
a predetermined control signal to the test signal gener- 
ating circuit 12. Based on the received control signal, 
the test signal generating circuit 1 2 generates a test sig- 
nal that has a predetermined frequency and a predeter- 
mined signal level (step 11). The test signal is applied 
to the input part of the class D amplifier IC 14 through 
the intermediary of the signal switching circuit 11. The 
test signal is then converted into a PWM signal in the 
class D amplifier IC 14 to undergo power amplification 
in a pulse waveform. An output signal from the class D 
amplifier IC 14 passes through the low-pass filter 15 so 
as to remove higher harmonics superimposed on the 
signal, before the output signal is supplied to the speak- 
er 1 6, which is the load of the low-pass fitter 15. 
[0030] Setting the signal level of the test signal sup- 
plied to the class D amplifier IC 1 4 at an extremely low 
signal level will hold the signal level at the output end of 
the amplifier IC 14 at a low value. This will prevent ab- 



normal current from passing the output stage of the 
class D amplifier IC 1 4 even if the load is in an abnormal 
condition when the test signal is supplied. 
[0031] In the embodiment shown in Fig. 1, afrequen- 
5 cy in the region of 44 kHz, which is the cutoff frequency 
of the low-pass filter 1 5, is used as the frequency of the 
test signal. As mentioned above, in the LC low-pass fil- 
ter, the greatest change in the frequency characteristic 
is caused by a change in a load impedance at a frequen- 
ce cy near the cutoff frequency. At frequencies other than 
the frequencies around the cutoff frequency, there is 
less disturbance in the frequency characteristic attribut- 
able to a change in the impedance. For this reason, the 
test signal of the frequency mentioned above (in the re- 
15 gjon of 44 kHz) is used in this embodiment. 

[0032] The upper limit of human audible frequency is 
generally known to be in the vicinity of 20 kHz. Hence, 
it is unlikely that the test signal output as an acoustic 
signal from the speaker 16 will be audible to users. 
20 [0033] If a low-pass filter having a cutoff frequency 
that is lower than the aforesaid frequency (in the region 
of 44 kHz) is used for the output of a class D amplifier, 
then it is necessary to use a frequency in an audible 
range as the test signal frequency. In this case, the test 
25 signal will be leaked out as an audible sound from the 
speaker 1 6. However, the processing shown in Fig. 3 is 
carried out when the power is turned ON or a user de- 
cides to conduct a test for detecting a load condition. 
This means that processing based on the test signal is 
30 started while no signal is being supplied from audio 
equipment to the class D amplifier. Hence, the operation 
will not provoke any remarkable uncomfortableness of 
a user. 

[0034] The control circuit 20 drives the test signal gen- 
35 erating circuit 12 in step 11 to generate the test signal 
and to actuate the test signal measuring circuit 1 7 in syn- 
chronization with the test signal. Then, the test signal 
measuring circuit 17 measures the output level of the 
test signal supplied from the low-pass filter 15 to the 
40 speaker 16 (step 12). The measured value of the test 
signal level is compared by the signal level comparator 
circuit 19 with diverse reference signal levels set in the 
reference signal level setting circuit 1 8 (steps 1 3 through 
17). 

45 [0035] In step 13, it is first determined whether the 
measured level of the test signal lies within a permissible 
range with respect to the reference signal level. The ref- 
erence signal level here refers to the signal level appear- 
ing at the output end of the low-pass filter 15 when a 

50 rated load impedance is connected to the low-pass filter 
15. The rated load impedance in this case refers to a 
designed load impedance. For the reference signal lev- 
el, a value determined by computation may be stored 
beforehand in the ROM of the control circuit 20, and the 

55 stored value may be loaded into the reference signal lev- 
el setting circuit 18, when the comparing operation is 
performed by the signal level comparator circuit 19. 
[0036] It is assumed that the input level of the test sig- 
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nal supplied to the class D amplifier IC 14, and the am- 
plification factor of the class D amplifier IC 14 are fixed. 
Then, it is also assumed that the impedance of the load 
connected to the output end of the low-pass filter 15 is 
greater than a design value. As is obvious from Fig. 2, 
in the vicinity of the cutoff frequency fc at this time, the 
signal level appearing at the output end of the low-pass 
filter 15 is higher than when the rated load is connected 
thereto. 

[0037] Conversely, as the value of the load imped- 
ance decreases to less than the design value, the signal 
level around fc decreases, as shown in Fig. 2 mentioned 
above. 

[0038] More specifically, the condition of the load can 
be detected by measuring the level of the test signal at 
the output end of the low-pass filter 1 5, and comparing 
the measured level with the signal level obtained when 
an appropriate load is connected thereto. 
[0039] If it is determined in step 1 3 that the measured 
level of the test signal is within the permissible range of 
the reference signal level, then it is presumed that a load 
of an appropriate impedance has been connected to the 
output end of the low-pass filter 15. The control circuit 
20 proceeds to step 20 to carry out the processing ap- 
plied to a case where the load is normal. Then, the con- 
trol circuit 20 stops the operations of the test signal 
measuring circuit 17 and the test signal generating cir- 
cuit 12. The control circuit 20 also switches the signal 
switching circuit 1 1 to the input terminal 1 0, then causes 
the class D amplifier IC 14 to start a normal amplifying 
operation. This terminates the processing illustrated by 
the flowchart shown in Fig. 3 (step 21 ). 
[0040] If it is determined in step 1 3 that the measured 
level is not within the permissible range of the reference 
signal level, then the signal level comparator circuit 19 
determines whether the measured level has reached an 
upper limit range of the signal level (step 1 4). The upper 
limit range in this case refers to the level range within 
which an output level may rise if a load is released or in 
a condition close to release of the load. If an output level 
increases to the upper limit range, then the signal level 
comparator circuit 1 ? decides that the load has been re- 
leased or is in a condition close to release, and notifies 
the control circuit 20 to that effect. Upon receipt of the 
notification, the control circuit 20 issues an instruction 
for displaying the release of the load to the alarm display 
circuit 21 (step 15). Then, the control circuit 20 promptly 
stops the operation of the class D amplifier IC 14 (step 
16) and terminates the processing shown in Fig. 3. 
[0041] If it is determined in step 14 that the measured 
level has not reached the upper limit range, then the sig- 
nal level comparator circuit 19 determines whether the 
measured level has decreased to a lower limit range of 
the signal level (step 17). The lower limit range in this 
case refers to the level range within which an output lev- 
el may decreases if a load is short-circuited or in a con- 
dition close to a short circuit. If a measurement level de- 
creases to the lower limit range, then the signal level 



comparator circuit 19 decides that the load has been 
short-circuited or in a condition close to a short circuit, 
and notifies the control circuit 20 to that effect. Upon re- 
ceipt of the notification, the control circuit 20 issues an 

5 instruction for displaying the short circuit of the load to 
the alarm display circuit 21 (step 1 8). Then, the control 
circuit 20 promptly stops the operation of the class D 
amplifier IC 14 according to the processing of step 16 
mentioned above and terminates the processing shown 

10 . by the flowchart of Fig. 3. 

[0042] If it is determined in step 1 7 that the measured 
level has not decreased to the lower limit range, this con- 
dition means following. The measured level of the test 
signal is not within the permissible range, meaning that 

'5 an appropriate load impedance has not been connect- 
ed, but the output end of the low-pass filter 15 has not 
yet reached a condition at which the load has been re- 
leased or short-circuited. In this case, the control circuit 
20 carries out processing as shown in the flowchart of 

20 Fig. 3 so as to leave an action to be taken up to a deci- 
sion made by a user. Upon receipt of such a determina- 
tion result from the signal level comparator circuit 19, 
the control circuit 20 issues, in step 1 9, an instruction to 
indicate a load anomaly to the alarm display circuit 21 . 

25 Thereafter, the control circuit 20 implements the 
processing from step 20 and step 21 mentioned above 
to start the normal amplifying operation of the class D 
amplifier IC 14. 

[0043] To improve reliability, the processing for meas- 

30 uring the signal level and the processing for determining 
a measured value shown in Fig. 3 may be repeatedly 
carried out for a predetermined number of times at short 
time intervals. In this case, an arrangement may be 
made so that if any load anomalies should be detected 

35 while the detection processing is being repeatedly im- 
plemented, then it is decided that the load has devel- 
oped an abnormal condition, and the user is alerted to 
stop the amplifying operation. Alternatively, it may be ar- 
ranged so that, if an anomaly is detected only once, then 

40 only an alarm is displayed, and the amplifying operation 
is not interrupted until the anomaly is detected for at 
least a predetermined number of times. 
[0044] The class D amplifier with a protective function 
in accordance with the present invention may have the 

45 configuration shown by the block diagram of Fig. 4. The 
block diagram of Fig. 4 shows a digital signal processing 
circuit 13 that uses a digital signal processor (hereinafter 
referred to simply as the "DSP") in the front stage of the 
class D amplifier IC 1 4. The digital signal processing cir- 

50 cuit 1 3 directly receives digital signals from digital audio 
equipment, such as an MD player or a digital tuner, con- 
nected to the front stage of the amplifier. 
[0045] Accordingly, in the embodiment shown in Fig. 
4, a test signal from the test signal generating circuit 12 

55 is supplied as a digital signal to the signal switching cir- 
cuit 1 1 . Furthermore, adopting the configuration shown 
in Fig. 4 makes it possible to receive control signals for 
the music to be played, which are input signals, from the 
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digital audio equipment connected to the front stage. 
The control signals in this case refer to the signals of 
information regarding the start, end, intervals, etc. of the 
music to be played. The control signals enable the con- 
trol circuit 20 to detect a timing at which no such input 
signals of music or the like are applied to the class D 
amplifier. At this timing, the control circuit 20 may start 
the processing shown in Fig. 3 to detect the condition of 
a load connected to the class D amplifier. 
[0046] The digital signal processing circuit 13 in- 
cludes a D/A converter at its output end because the 
signals to be supplied to the class D amplifier IC 1 4 must 
be turned into analog signals. Forming the outputs from 
the digital signal processing circuit 13 into PWM signals 
makes it possible to directly drive the output-stage driver 
circuit 143 by using the PWM output signals. 
[0047] The block diagram of Fig. 5 illustrates a class 
D amplifier equipped with a protective function accord- 
ing to another embodiment of the present invention . The 
class D amplifier shown in Fig. 5 uses a signal superim- 
posing circuit 23 in place of the signal switching circuit 
1 1 shown in Fig. 1 . The signal superimposing circuit 23 
in this embodiment comprises, for example, an adding 
circuit and a signal hybrid circuit. In the embodiment 
shown in Fig. 5, a test signal from a test signal generat- 
ing circuit 12 is superimposed on an input signal from 
an input terminal 1 0, and the resulting signal is supplied 
to the input part of a class D amplifier IC 14. The em- 
bodiment is configured such that only a test signal is 
extracted through a band pass filter 24 for extracting a 
test signal, that is located at the output end of a low- 
pass filter 15, and the extracted test signal is supplied 
to a test signal measuring circuit 17. 
[0048] The test signal extracting filter 24 may be con- 
structed of an active filter having a high input impedance 
so as to minimize the influences of the low-pass filter 1 5 
on outputs. Alternatively, the test signal extracting filter 
24 may be constructed of a DSP having a high input 
impedance. In this case, the filtering for extracting the 
test signal will be digitally effected and measured values 
input to the test signal measuring circuit 1 7 is also sup- 
plied in the form of digital signals. 
[0049] In the embodiment shown in Fig. 5, it is re- 
quired to securely separate the test signal from input sig- 
nals of music or the like by using the test signal extract- 
ing filter 24 when taking out the test signal. For this pur- 
pose, it is necessary to set the cutoff frequency of the 
low-pass filter 15 at a level higher than that in a band 
wherein the input signals for music or the like exist. It is 
preferred to set the frequency of atest signal at the cutoff 
frequency of the low-pass filter 15 or at a frequency in 
the vicinity thereof. This setting causes the test signal 
to have a frequency that is higherthan the band wherein 
the input signals of music or the like are present, that is, 
higher than a human audible frequency band. Thus, it 
is possible to constantly check a load condition without 
causing a user to notice a test signal sound leaking out 
of a speaker 1 6. This leads to dramatically improved re- 
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liability of the amplifier. 

[0050] As shown in Fig. 6, the input part of the class 
D amplifier of Fig. 5 may be formed of a digital signal 
processing circuit 1 3 using the DSP shown in Fig. 4. This 
makes it possible to start the operation for checking a 
load by using control signals from digital audio equip- 
ment connected to the front stage of the class D ampli- 
fier, as explained in conjunction with Fig. 4. 
[0051] When the configuration shown in Fig. 6 is 
adopted, the same interface as explained in conjunction 
with Fig. 4 will be used for the interface between the 
digital signal processing circuit 13 and the class D am- 
plifier IC 14. 

[0052] A band width of the input signals after conver- 
sion is restricted to within a band width that is half a sam- 
pling frequency or less regardless of whether the A/D 
conversion on the input signals of music or the like is 
effected inside or outside the class D amplifier, as is ob- 
vious from the sampling theorem. 
[0053] Accordingly, as shown in Fig. 5 or Fig. 6, when 
a test signal is superimposed on the input signals of mu- 
sic or the like, the cutoff frequency of the low-pass filter 
15 is set at a frequency higher than the frequency that 
is half the sampling frequency of the input signals, and 
the frequency of the test signal is set at or near the cutoff 
frequency. Under this setting condition, only the test sig- 
nal can be securely extracted without being influenced 
by the input signals. Moreover, the condition of a load 
can be constantly monitored, permitting further reliable 
protection of an amplifier. 

[0054] The present invention is not limited to the em- 
bodiments described above. The present invention may 
alternatively be embodied by a one-chip LSI that in- 
cludes such constituents as the control circuit 20, the 
signal level comparator circuit 19, and the digital signal 
processing circuit 13. In this case, a jiCPU included in 
the LSI may carry out the operation processing ex- 
plained above merely by using software according to 
programs also included in the LSI. 
[0055] In the embodiments set forth above, the class 
D amplifier has only a single channel; however, the 
present invention is not limited thereto. For instance, the 
embodiments may alternatively use a class D amplifier 
having a stereo channel or more multiple channels for 
signal amplification. 

[0056] Furthermore, as shown in Fig. 4 or Fig. 6, pro- 
viding the input part of the class D amplifier IC 14 with 
the digital signal processing circuit 1 3 makes it possible 
to carry out various types of digital signal processing on 
the input signals. For example, an arrangement may be 
made such that digital filtering for suppressing only a 
particular frequency component (e.g., a resonance fre- 
quency component of the low-pass filter 15) contained 
in the input signals may be carried out on the input sig- 
nals, when the release of a load is detected. This allows 
the class D amplifier IC 1 4 to be protected when the load 
is released. 

[0057] The interruption of the operation of the class D 
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amplifier IC 14 that is effected when an abnormal con- 
dition of a load is detected, as described in the above 
embodiments, is not limited to a forcible interruption of 
the amplifying operation of the class D amplifier IC 14. 
The interruption of the operation includes, for example, 5 
the processing for restricting the supply of input signals 
to the class D amplifier IC 14. In other words, the term 
"the interruption of the operation" generically refers to 
any processing that restrains the supply of current to an 
output stage of the class D amplifier IC 14. 10 
[0058] Substantially as described above, the present 
invention provides a configuration that permits the load 
condition of an amplifier to be detected by measuring 
the output level of a class D amplifier by using a low- 
level test signal. With this arrangement, it is possible to 1 $ 
protect the amplifier against overcurrent caused by an 
abnormal load condition. 

[0059] Moreover, the present invention obviates the 
need for a large power resistance element for measur- 
ing load current. This prevents wasteful power loss and 20 
accordingly prevents heat generation resulting from the 
power loss, thus contributing to a reduction in size and 
increased integration scale of an amplifier. 
[0060] It is understood that the foregoing description 
and accompanying drawings set forth the preferred em- 25 
bodiments of the invention at the present time. Various 
modifications, additions and alternative designs will, of 
source, become apparent to those skilled in the art in 
light of the foregoing teachings without departing from 
the spirit and scope of the disclosed invention. Thus, it 30 
should be appreciated that the invention is not limited to 
the disclosed embodiments but may be practiced within 
the full scope of the appended claims. 



Claims 

1 . A power amplifying device to which a load having a 
predetermined impedance is connected, compris- 
ing: 40 

a power amplifying circuit; 

a test signal generating part that generates a 

test signal having a predetermined frequency; 

a signal level measuring part that measures a 45 

signal level of the test signal that has passed 

through a filtering circuit provided in an output 

part of the power amplifying device; 

a signal level comparing part that compares a 

measurement result supplied by the signal level 50 

measuring part with a predetermined reference 

signal level; and 

a control part that detects a condition of the load 
connected to the electric power amplifying de- 
vice on the basis of a comparison result sup- 55 
plied by the signal level comparing part, and ef- 
fects protection of the electric power amplifying 
device in accordance with a detection result of 



the control part. 

2. The power amplifying device according to Claim 1 , 
wherein the power amplifying circuit is a power am- 
plifying circuit that effects class D power amplifica- 
tion. 

3. The power amplifying device according to Claim 1 , 
wherein the frequency of the test signal generated 
by the test signal generating part includes a cutoff 
frequency of the filtering circuit. 

4. A power amplifying device to which a load having a 
predetermined impedance is connected, compris- 
ing: 

a power amplifying circuit; 
a test signal generating part that generates a 
test signal having a predetermined frequency; 
a signal level measuring part that measures a 
signal level of the test signal that has passed 
through an LC filtering circuit provided in an 
output part of the power amplifying device; 
a signal level comparing part that compares a 
measurement resultsupplied by the signal level 
measuring part with a predetermined reference 
signal level; and 

a control part that detects a condition of the load 
connected to the electric power amplifying de- 
vice on the basis of a comparison result sup- 
plied by the signal level comparing part and ef- 
fects control to suppress a frequency compo- 
nent in an input signal supplied to the LC filter- 
ing circuit at which the LC filtering circuit reso- 
nates in accordance with a detection result of 
the control part. 

5. The power amplifying device according to Claim 4, 
wherein the power amplifying circuit is a power am- 
plifying circuit that effects class D power amplifica- 
tion. 

6. The power amplifying device according to Claim 4, 
wherein the frequency of the test signal generated 
by the test signal generating part includes a cutoff 
frequency of the LC filtering circuit. 
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